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Background and study aims Cold snare polypectomy (CSP) for small colorectal polyps has lower incidence of adverse events, especially delayed postpolypectomy bleeding (DPPB). However, few data are available on comparisons of the incidence of DPPB of CSP and hot polypectomy (HP). The aim of this study was to evaluate the incidence of DPPB after CSP and compare it with that of HP. A propensity score model was used as a secondary analysis.
Patients and methods
This was a retrospective cohort study conducted in a single municipal hospital. We identified 539 patients with colorectal polyps from 2 mm to 11 mm in size who underwent CSP (804 polyps in 330 patients) or HP (530 polyps in 209 patients) between July 2013 and June 2015.
Results There were no cases of DPPB in the CSP group.
Conversely, DPPB occurred in 4 patients (1.9 %) after HP, resulting in a significant difference between the CSP and HP groups (0.008 % vs 0 %, P = 0.02). Propensity score-matching analysis created 402 matched pairs, yielding a significantly higher DPPB rate in the HP group than CSP group (0.02 % vs 0 %, P = 0.04). However, significantly more patients in the CSP group had unclear horizontal margins that precluded assessment (83 vs 38 cases, P < 0.001). The retrieval failure rate was significantly higher in the CSP group than in the HP group (3 % vs 0.7 %, P = 0.01).
Conclusions DPPB was less frequent with CSP than HP, as selected by the propensity score-matching model. Our findings indicate that CSP is recommended polypectomy in daily clinical setting. However, special care should be taken during polyp retrieval and horizontal margin assessment, and these issues could be taken into account in follow-up after CSP.
ported to be 0 % to 1.8 % for CSP in previous prospective studies [15 -19] , which tends to be lower than that of HP even in patients that continued to receive anticoagulant treatment [17] . However, a previous study included only a small number of patients, and few studies have compared the incidence of DPPB of CSP and HP in daily clinical setting.
Randomized controlled trials are the most effective way of scientifically testing new medical interventions. However, the rate of DPPB is relatively low, and many cases are needed to conduct randomized controlled trials. Paspatis et al. conducted a randomized controlled trial comparing CSP with hot snare HP in the occurrence of DPPB [19] . However, they didn't stratify by polyp size, and in it was significantly larger in the HP group than the CSP group and there was no DPPB in either group. Recently, propensity score matching has become a popular alternative to randomized controlled trials [20] . We therefore hypothesized that it would be more effective to use propensity score matching analysis to compare CSP directly with HP. The aim of this study was to evaluate the incidence of DPPB after colorectal CSP and compare it with that after HP. Additionally, we performed secondary analysis with a propensity score model.

Patients
This retrospective cohort study was performed in a single municipal hospital. We identified consecutive patients with colorectal polyps from 2 mm to 11 mm in size who underwent CSP or HP between July 2013 and June 2015 in our prospectively maintained database of Osaka Red Cross Hospital, and enrolled them into this analysis. Before February 2014, we mainly performed HP and after February 2014, we mainly performed CSP. Patients with colorectal polyps larger than 5 mm who were recommended to undergo polypectomy and all polyps resected endoscopically during screening colonoscopies were included in the study. Patients who underwent colorectal HP and CSP procedures during operation or patients with perforation during the procedure were excluded. This manuscript was prepared according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement [21] .
Endoscopic procedure and perioperative management CSP or HP was performed under intravenous sedation with midazolam. During colonoscope withdrawal, polyp location was documented and size was measured using biopsy forceps with a 2.2-mm outer diameter or snares with an outer diameter of 11 mm to 20 mm. The phenotypes of polyps were classified according to the Paris classification [22] . Before polypectomy, chromoendoscopy or magnifying endoscopy was performed to exclude the non-neoplastic lesions. The CSP was performed with a videoendoscope (CF-HQ290, PCF-PQ260 L, Olympus Medical Systems, Tokyo, Japan) for small (≤ 11 mm) polypoid lesions using Profile™ Polypectomy Snares (Boston Scientific Japan, Tokyo, Japan) by 15 experienced colonoscopists who have sufficient expertise and experience of colorectal polypectomy. They all thoroughly experienced CSP or otherwise specialists always supervised the procedure in introduction period. The polyp was snared, including normal surrounding mucosa and the snare was closed for transection of the polyp without electrocautery. HP was performed with a similar type of videoendoscope used for polypoid lesions. The same colonoscopists that performed CSP mainly used the XEMEX Bipolar Snare S DRAGO-NARE™ (Xemex, Tokyo, Japan) to perform HP. As for EMR, normal saline is injected into the submucosa before excision. The Intelligent Cut and Coagulation 200 (ERBE Elektromedizin, Tü-bingen, Germany) or VIO 300 D (ERBE) was used as a power source for electrical bipolar cutting and bipolar coagulation, and all participant endoscopists used the same setting. Before February 2014, we conventionally underwent clipping in most HP cases. From that time onwards, the mucosal defects after CSP or HP were large or if blood was spurting immediately, the mucosal defect was closed using endoscopic clips. Usually, CSP was performed as an outpatient procedure. And as many other Japanese hospitals, HP usually required a two-day hospitalization. In general, most of Japanese patients who undergo polypectomy or EMR are hospitalized for a few days. All patients underwent postoperative follow-up hospital visits about two weeks after polypectomy.
Propensity score matching analysis
To reduce the possibility of selection bias and to identify control subjects, we performed propensity score matching with a ratio of 1:1 and nearest neighbor matching without replacement within a caliper width of 0.02 and the polyps for which the propensity score could not be matched because of a greater caliper distance were excluded from further analysis. To estimate the propensity score, we used a logistic regression model. Factors related to DPPB have been previously reported to be polyp sizes, polyps located in the right-sided colon and polyp shape [6, 10] . Hence, variables included in the propensity score model were polyp size, polyp location (right-sided colon vs left-sided colon) and polyp shape (Ip and Isp vs Is and IIa).
Data analysis and definition of outcomes
The procedural details were recorded prospectively in a database and their medical records were thoroughly investigated. The collected data included patient age, gender (male or female), location (cecum, ascending colon, transverse colon, descending colon, sigmoid colon, or rectum), tumor size, morphological type, and histological type (adenoma or serrated lesions, or carcinoma). The characteristics of lesions in the CSP group were compared with those in the HP group. Primary endpoint of this study was DPPB rate after colorectal CSP and compare it with that after HP. Other AEs, retrieval failure rate and horizontal margin were evaluated as secondary endpoints. DPPB was defined as hemochezia occurring > 24 hours after colorectal polypectomy that required an endoscopic hemostatic procedure.
Statistical analysis
The Fisher's exact test or χ 2 test was used for analysis of categorical data. Quantitative data were compared using the Student's t test or Mann-Whitney U test. P < 0.05 (two-sided) was considered significant. All statistical analyses were carried out using SPSS statistics version 23 (SPSS, Chicago, IL, USA).
Results
Baseline data
During the study period, 765 patients with colorectal polyps were treated by CSP or HP at the Osaka Red Cross Hospital during the study period. A total of 226 patients were excluded from the analysis because they had polyps > 11 mm (n = 194), underwent another colorectal HP at the same time (n = 27), continued treatment with two antithrombotic agents (n = 2) or had no meticulous operative record (n = 3). A flow diagram of the participants is shown in ▶ Fig. 1 . In total, 804 polyps in 330 patients were included in our analysis of CSP group, and the baseline characteristics are presented in ▶ Table 1 . Patients comprised 196 men and 134 women with a median age (range) of 68 (27 -91) years. The median resected tumor size (range) was 4 (2 -11) mm, and the lesions were located in the cecum, ascending colon, transverse colon, descending colon, sigmoid colon, and rectum in 50, 197, 203, 82, 206 , and 66 cases, respectively (▶ Table 2 ). Eighteen patients received antithrom- Table 2 ).
Procedure-related outcomes
In this study, there were no cases of DPPB in the CSP group. Otherwise, although two cases were used clips for closure of the mucosal defect, DPPB occurred in four patients (1.9 %) who underwent HP in different colonoscopists for colorectal polyps, resulting in a significant difference between the CSP and HP groups (0.008 % vs 0 %, P = 0.02). However, the HP group had a significantly larger median resected polyp size (4 mm vs 5 mm, P = 0.01). There was no statistically significant difference in histological type of polyp or assessment of the horizontal margin between the groups. The HP group had a significantly larger number of clips used for closure of the mucosal defect or hemoclip (79 % vs 6 %, P < 0.001). The retrieval failure rate was significantly higher in the CSP group than in the HP group (4 % vs 1 %, P = 0.001). All DPPB cases were managed conservatively with the endoscopic hemostatic procedure and no other serious AEs, such as perforation or postpolypectomy syndrome, were observed in either group.
Procedure-related outcomes after propensity score matching
The matching factors and treatment outcomes between the CSP and HP groups after propensity score matching are shown in ▶ Table 3 . Four hundred and two pairs were matched. Ten Original article patients received antithrombotic agents in CSP group. With regard to treatment outcomes, the DPPB rate for colorectal polyps was significantly higher in the HP group than in the CSP group (0.02 % vs 0 %, P = 0.04)(▶ Table 4 ). The HP group had a significantly larger number of clips used for closure of the mucosal defect or hemoclip (81 % vs 9 %, P < 0.001). Significantly more patients in the CSP group had unclear horizontal margin precluding its assessment (83 vs 38 cases, P < 0.001). The retrieval failure rate was significantly higher in the CSP group than in the HP group (3 % vs 0.7 %, P = 0.01).
Discussion
CSP is a polypectomy method that has gained considerable notoriety in recent years, as it is a safe and efficient method for small polyps. In this study, we removed 804 polyps, easily and safely, including those of 18 patients (73 polyps) on single antithrombotic therapy. There was no increase in the rate of AEs, and particularly, there were no cases of DPPB in the CSP group. Furthermore, we used propensity score-matching analysis between the CSP and HP groups to reduce or minimize the effects of sampling bias (location, size and morphology) in non-randomized studies [20] . As a result, we showed that CSP is significantly superior to HP in reducing DPPB after colorectal polyp ▶ endoscopic resection. Although in previous reports, DPPB occurred less commonly after CSP [15 -18] , this is the first study to show this result in a large sample of patients/polyps by using propensity score matching analysis. In other words, if patients undergo HP in these clinical setting, it would cause significantly more DPPB than CSP. Hence our findings indicate that CSP is recommended polypectomy in these clinical setting.
In general, the incidence of DPPB after HP has been reportedly higher in patients receiving anticoagulation therapy [23, 24] even though warfarin is interrupted prior to the HP procedure [25] . However, Horiuchi et al. also reported that DPPB requiring hemostasis occurred significantly less frequently after CSP than it did after HP despite continuation of anticoagulants. [17] In our study, we were able to remove polyps safely in eighteen patients on single anticoagulant therapy. We therefore consider that CSP has the potential to safely remove subcentimetric polyps in patients receiving single anticoagulant therapy. Conversely, in the guidelines of The American Society for Gastrointestinal Endoscopy and The European Society of Gastrointestinal Endoscopy, the risk of DPPB is low among patients undergoing HP and being treated with aspirin as antiplatelet monotherapy [26, 27] . However, patients receiving thienopyridines were recommended to be treated as having a high risk of DPPB [26, 27] and some reports suggested that the DPPB rate of HP was higher in the group that continued to use thienopyridines [28, 29] . Although Repici et al. reported that single antiplatelet therapy was an independent predictor of immediate postpolypectomy bleeding, their patients underwent CSP, including 33 patients on thienopyridines, and there were no cases of DPPB [16] . This was comparable with our study results in that we were able to remove nine polyps safely in patients on single thienopyridine therapy. In our study, we excluded patients taking two antithrombotic agents; such patients should therefore be further evaluated in a future multicenter study.
Some studies reported that the rate of histologic eradication of CSP was 93.2 % to 99 % [15, 30, 31] . This is a high rate, equal to that of HP [32] . In previous reports, the evaluable horizontal margin rate of CSP was 42.2 % to 60 % [15, 33] , lower than that of the HP [33] . In our study, although we achieved a lower proportion of cases of positive horizontal margin (1.4 %), there were 24 % of cases of unclear horizontal margin. We believe this may have resulted from the small crushed specimens which stem largely from our not having used a dedicated cold snare. This outcome could be improved by more extensive mucosal resection or modifying the existing cold snare. However, endoscopists should always keep in mind the difficulty of pathological margin assessment with CSP.
Furthermore, in the CSP group, polyp retrieval failure has become an issue [34, 35] . In our study, the polyp retrieval failure rate was 4 %, and polyp retrieval failure was significantly more frequent in the CSP group even after propensity score matching analysis. Although we couldn't investigate in this study, this may be because the size of the resected specimen obtained with CSP is smaller than that obtained with HP by submucosal injection even though the tumor size is the same. Moreover, after CSP, there is more or less immediate bleeding, which may impair the endoscopic visibility. It was suggested in some reports that immediate polyp retrieval by suction or by pulling the polyp into the colonoscope channel, then transecting it while suctioning, yielded a high rate of polyp retrieval [35, 36] . However, all endoscopists need to be extremely careful while performing the polyp retrieval.
We underwent clipping when the mucosal defects were large or if blood was spurting immediately. Some reports described that prophylactic clipping prevent DPPB [37 -39] . In contrast, some studies have demonstrated that there was no difference [40 -43] . In this study, the HP group had a significantly larger number of clips used for closure of the mucosal defect. However, there is significantly higher rate of DPPB in HP group. Many factors will affect DPPB and it is still controversial.
Our study had some limitations. First, although the study participants were prospectively enrolled into our database, the detailed data of the patients were retrospectively collected from medical records. Of course, we routinely use the same care plan for all patients undergoing HP or CSP and symptoms were recorded routinely. However, we cannot exclude the possibility of missing data in some medical records regarding patients' symptoms, such as minor delayed bleeding. Second, this study was conducted in a single municipal hospital. Although using a standardized protocol for CSP and perioperative management can provide pure results, the number of DPPB patients is insufficient because of the rate of DPPB is relatively low. And we may be not able to properly assess DPPB outcomes. This should be further evaluated in a future multicenter study. Further data in the area of optimal endoscopic technique for patients prescribed antithrombotic agents are necessary to better inform endoscopy-related decisions and implement the best clinical practices. Third, we excluded the patients undergoing HP and CSP during the same session to avoid confusion in terms of which procedure was attributable for the DPPB. However, previous reports indicated that the rate of DPPB of CSP was 0 -1.8 % [15 -18] and our incidence of DPPB was 0 %. Consequently, it is considered a negligible risk if DPPB occurred in patients undergoing HP and CSP during the same session. Forth, there would be a possibility of inter-operator variability. Although all colonoscopists who participated in this study underwent both CSP and HP, some colonoscopists may prefer ▶ Original article
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CSP to HP and conversely. However, CSP and HP is a simple and well established method, we thought it may be negligible effect on DPPB. This would be also further evaluated in a future multicenter study.
Conclusion
In conclusion, CSP is a safe method for the removal of subcentimeter polyps, and it is even a safe method for the removal of these lesions in patients receiving single anticoagulant therapy or single antiplatelet therapy. Moreover, we showed by a propensity score-matching model that DPPB occurred with less frequency after CSP than it did after HP. Our findings indicate that CSP is recommended polypectomy in daily clinical setting. However, special care should be taken during polyp retrieval and horizontal margin assessment, and these issues could be taken into account in follow-up after CSP.
